Physical activity (PA) has been defined as any bodily movement produced by skeletal muscles that result in energy expenditure. Exercise is a subset of PA that is planned, structured, and repetitive and has as a final or an intermediate objective the improvement or maintenance of physical fitness. 1 Despite the significance of regular PA in the preservation of health and functioning, [2] [3] [4] only 5% of adults 65 years and older in the United States actually meet current PA recommendations of participating in 150 minutes of moderate intensity exercise per week. 5 Furthermore, experimental studies of behavioral interventions for PA typically report that approximately 50% of individuals who successfully initiate an exercise program are unable to persist in the long term. [6] [7] [8] Lifestyle behaviors such as PA have been thought to change and evolve across time and over the life course. However, either by design or due to statistical limitations, PA has not been treated or modeled as a dynamic behavioral process in previous studies; a majority of studies have defined PA patterns based on only 1 or 2 time points. [9] [10] [11] [12] The Women's Health Initiative (WHI) provides a unique opportunity to study longitudinal PA trajectories in a large, well-characterized, diverse cohort of women. 13 Furthermore, the availability of sociodemographic, health status and other lifestyle behavioral variables in this large data set allows for comparison of previously reported predictors of PA from other smaller studies. The study of PA trajectories and their determinants can lead to a greater understanding of the relationships between behavioral patterns and key health outcomes and thus may inform the development of more personalized and effective PA guidelines and interventions in the long term.
In this study we examined 1) longitudinal 8-year trajectories for total energy expenditure from recreational PA in MET hr/wk among postmenopausal women; 2) baseline cross-sectional exercise composition in MET hr/wk expended through mild, moderate, walking, or vigorous exercise by women belonging to different PA trajectories; and 3) baseline sociodemographic characteristics, lifestyle behaviors, health, and psychosocial status as possible predictors of longitudinal PA trajectory membership.
Methods
The WHI is a prospective, multicenter clinical trial and observational study designed to address the risk factors for morbidity and mortality of cancer, cardiovascular disease, and osteoporotic fractures among postmenopausal women aged 50-79 years. 13 Women who gave written, informed consent were enrolled in the WHI from 1993-1998 at 40 primary clinical centers and 9 satellite centers in the United States. Women were either specifically recruited for the observational cohort study or entered it because they were ineligible or unwilling to be randomized into the clinical trials. The women included in this analysis are from the observational study (OS) cohort. OS participants (n = 93,676) were evaluated in a baseline screening clinic visit and completed annual health update questionnaires. They were again evaluated during a clinic visit in year 3, followed by additional OS questionnaires from year 3 through the end of the main WHI study in 2005.
Study Sample
We included all women with baseline PA data (n = 92,629). One percent of the OS sample had missing recreational PA data at baseline (n = 1047). Physical activity data were available for 89% of the sample in Y3-Y5, 86% in Y6, 77% in Y7, and 54% in Y8. The low percentage of participants with Y8 data reflects not only women who died (7%) or were otherwise lost to follow-up (2%), but is also due to the fact that women enrolled in the OS in 1998 were unable to complete their full 8 years in WHI before the study ended in 2005 (40%).
Measurement of Physical Activity
Physical activity was assessed with a detailed questionnaire on the frequency and duration of walking and of other types of recreational PA activity (vigorous, moderate, and mild) at baseline and years 3-8. Walking was assessed by a series of questions about the frequency of walks outside the home for more than 10 minutes without stopping, the average duration, and the usual walking pace. Vigorous PA was defined as "you work up a sweat and your heart beats fast," and examples included aerobics, aerobic dancing, jogging, tennis, and swimming laps. Moderate PA was defined as that which was "not exhausting," and examples included biking outdoors, using an exercise machine, calisthenics, easy swimming, and popular or folk dancing. Examples of mild exercise were slow dancing, bowling, and golf. The test-retest reliability for the PA instrument in a subset of the WHI-OS participants ranged from 0.67-0.71. 14 Metabolic equivalents (MET hr/wk) were calculated. 15 METs capture the total volume of PA including intensity, duration, and frequency and is independent of body weight. The composite measure of total recreational PA energy expenditure was derived from the sum of energy expenditures from vigorous, moderate, and mild exercise and walking. 16 Other health status indicators included history of falls, hip fractures after age 55, hospitalizations, and chronic medical illnesses (cardiovascular disease, congestive heart failure, hypertension, cancer, emphysema, asthma, and arthritis).
Measurement of Baseline Predictors
Psychosocial. Depressive symptoms and history of depression were assessed with 6 items from the Center for Epidemiological Studies Depression Scale (CES-D) 17 and 2 items from the Diagnostic Interview Schedule (DIS), respectively. 18 Perception of social support was measured with an abbreviated 9-item version of the MOS Social Support Scale. 19 
Statistical Analysis
Both longitudinal and cross-sectional analyses of patterns of energy expenditure from recreational PA were performed separately for each age strata (50-59, 60-69, and 70+) based on previous literature suggesting that PA patterns differ across the older age groups. 20, 21 In the longitudinal analysis, latent growth curve mixture analysis (LGCA) was used to define trajectories in PA (MET hr/wk) over the course of 8 years. These models are based on change in PA as a function of time with growth or decline in PA represented by latent factors capturing the intercept (ie, estimated baseline score), slope (ie, estimated change over time), and a parameter representing a latent (unobserved) categorical variable that identifies homogenous classes varying in level and/ or rate of change in PA. For the growth models we compared linear, cubic and quadratic models and found that the cubic and quadratic models fit the data no better than a linear model; thus, only results from the linear models are presented. We used an expectation maximization algorithm 22 which assumes missing data are ignorable and uses all available data. Given that the trajectories fit were based on linear growth, this required at least 2 time points per participant to contribute to the estimation of the parameters.
For the cross-sectional analysis, we investigated PA composition in MET hr/wk at baseline (mild, moderate, walking, and vigorous activity) for each of the empirically derived longitudinal trajectories using latent profile analysis models (LPA). Similar to LGCA, these models characterize individuals who engage in similar patterns of recreational PA. We used list-wise deletion for missing data since missing any of the 4 PA categories was assumed to be random.
For both longitudinal and cross-sectional analyses (LGCA and LPA), women were assigned a probability of being in each of the identified classes with the goal of a model leading to a unique assignment of a woman to a given class [eg, Pr(ClassA) = 1.0; Pr(ClassB) = 0.0], or minimally providing a distinctively high probability to a given class versus all others (eg, .95 versus .05). Model fit was evaluated using information criteria fit indices 23 (Bayesian Information Criterion, BIC 24 and Akaike's Information Criterion, AIC 25 ); low values indicate model parsimony. Since these indices are influenced by sample size and we had high power, we also used other criteria to identify a meaningful fit of model and data. These included class interpretability (the extent to which additional classes provided unique information), class prevalence (preferring classes with at least 2% of the sample for improved replicability), and entropy (a measure of classification based on posterior probability values, with higher values representing better classification). We used MPlus (version 5.0, Los Angeles, CA) for the LGCA and LPA analyses.
Baseline Predictors of Longitudinal PA. Given the ordinal nature of the longitudinal PA trajectory classes (minimally, moderately, and highly active), generalized ordinal logistic regression models were used. The model generally provides 1 coefficient, the adjusted odds of membership in the next higher activity category, unless for a given predictor variable the parallel assumption is not met. In this case, 2 coefficients are provided (since there are 3 classes); 1 coefficient gives the odds of being in either of the 2 higher activity classes relative to the lowest and the second estimates the odds of being in the highest relative to the 2 lower groups. All baseline variables were entered simultaneously in the models. In keeping with the age stratified analyses of the longitudinal PA trajectories, these multivariate models were also constructed by 3 age strata. We used STATA (version 10; Stata Corporation, College Station, TX) for these analyses.
Results

Sample Characteristics
Baseline sociodemographic, lifestyle behavior, health, and psychosocial characteristics are summarized in Table 1 . Longitudinal Recreational PA Trajectories
We tested a 2-, 3-, 4-, 5-, and 6-class model structure on total PA in MET hr/wk by age strata and found that a 3-class solution best represented the longitudinal data ( Figure 1 ), see Appendix Table 3 and Figure 3 for additional details). The figure depicts 3 distinct stable linear PA trajectories across the 3 age strata: 1) minimally active (70.8-73.6% of each age group); 2) moderately active (22.5%-25.1%), and 3) highly active (4.6%-3.9%). The equations defining each trajectory in the 3 age strata are shown at the bottom of Figure 1 . For example, in the 50-59 age group, the minimally active group's equation was 7.7 + .01(Time); the slope or growth parameter was not significantly different from zero. For both the moderately and highly active classes, there was significant growth in recreational PA over time (P < .01, both) but the actual impact of the growth was minimal (about 0.3 METs per year × 8 years= total gain of 2.4 MET hr/wk or approximately 30 minutes of brisk walking). Similarly, there was substantively little change in the average trajectory for each class in the 60-69 age group. The minimally active class had a significant decline (P < .001) while the highly active class had a significant increase in energy expenditure (P < .001). The moderately active group had no significant change from their baseline PA. For the oldest age group (70+), each growth parameter indicated a slight decrease over 8 years. The minimally and moderately active groups had significant but modest declines of about 3 MET hrs/wk (both, P < .001). The decline in PA in the highly active group was not significantly different from zero. These analyses were based on assigning women to their most likely class based on the estimated probability of membership across all 3 classes; the median highest probability of membership was .998 for all 3 age groups indicating a high certainty of assignment across cases. We also tested our results by weighing each case by their highest probability of membership and the results were substantively no different. Overall the 3 PA classes within each age group showed remarkably stable levels of energy expenditure over the 8 years of follow-up.
Baseline PA Composition of Longitudinal Trajectories
We identified 3-5 distinct cross-sectional classes of PA for each age strata within each of the 3 longitudinal trajectories, minimally, moderately and highly active ( Figure 2 ). Among minimally active women, a majority (85%-88%) reported very small amounts of moderate recreational PA and walking, but no vigorous PA (Class 1, all 3 age strata); however, in each age group there was at least 1 class among the minimally active women with unusually high amount of vigorous PA (Classes 2 & 4). The majority of moderately active women expended comparable amounts of energy in walking, moderate, and vigorous recreational PA (Class 1, 72%-83%), whereas for a minority of moderately active women, nearly half of their recreational PA came from mild activities (Classes 3 & 4). Nearly two-thirds of the highly active women engaged in only moderate, walking, and vigorous PA (Class 1), but a third of these women also performed some mild PA (Classes 2-5).
Baseline Predictors of Membership in PA Trajectories
The results by age strata are summarized in Table 2 .
For the most part, baseline sociodemographics, lifestyle behavior, and health status variables predictive of recreational PA class membership were similar across age groups, with a few exceptions.
Sociodemographics. The odds of engaging in higher levels of recreational PA were lower for African-American women aged 60 and older (Odds Ratio, OR: 0.78 and 0.70; both P < .01) but higher for Hispanic women aged 70+ (OR: 1.43; P < .05) and for American-Indian women younger than 60 (OR: 1.79; P < .05) compared * P < .05 ; ** P < .01.
Table 2 (continued)
with Caucasian women. The odds of engaging in higher levels of PA increased with family income and a college education. Having never been married reduced the odds of engaging in high levels of PA for women age 60 and older (OR: 0.77 and 0.73; P < .01), whereas living alone was associated with a higher likelihood of being more active (OR for ages 50-69 1.19 and 1.2; P < .01). Caregiving (women in their 60s, OR: 0.88; P < .05) and current employment was associated with lower odds of engaging in higher levels of PA (OR: 0.72-0.86; P < .05).
Lifestyle Behaviors. Participation in vigorous PA at 35 and 50 years of age was associated with significantly greater odds of participating in higher levels of recreational PA later in life. Current smoking decreased the likelihood of engaging in higher levels of PA for women under 70 (OR: 0.67 and 0.70; P < .01). Greater alcohol intake was associated with increased likelihood of being at least moderately active (OR: 1.19-1.23, P < .01). Higher intake of fruits and vegetables and lower fat intake were associated with slightly greater odds of being more physically active.
Health Status. The associations between various dimensions of HRQL with PA class were either nonexistent or only marginally meaningful (OR: 1.01-1.03, P < .01). Neither history of falling nor having a hip fracture after age 55 predicted PA class. Women 70 and older who had 3 or more chronic diseases were less likely to participate in PA (OR: 0.72, P < .01). Hospitalization within the previous 2 years was associated with decreased odds of being in a higher activity class only for younger women (OR: 0.90, P < .05). Women who were overweight or obese had significantly lower odds of participating in PA (OR: 0.48-0.76; P < .01).
Psychosocial Status. Women younger than 60 with current or recent depressive symptoms were more likely to be in a higher PA class compared with women who did not have depressive symptoms (OR: 1.12; P < .05); this effect was not significant in older women. Neither history of depression nor current levels of perceived social support predicted PA participation.
Discussion
The goal of this study was to examine recreational physical activity in a large cohort of ethnically-diverse postmenopausal women through a combination of longitudinal and cross-sectional analyses. The longitudinal analyses were performed to answer the questions a) how does recreational PA change over time and b) which variables, assessed at baseline, predict PA over 8 years of follow-up? The cross-sectional analyses were performed to answer the question, what type of exercises (walking, mild, moderate, or vigorous) women in different overall categories of recreational activity preferentially choose to engage in.
Longitudinal Recreational PA Trajectories
A notable finding is the stability of total energy expenditure from recreational PA in MET hr/wk-also referred to as tracking-across 8 years of follow-up. Tracking is defined as the ability to predict subsequent behaviors from earlier behaviors or one's tendency to maintain a certain relative rank compared with others. 26 One of the most consistent predictors of current behavior is past proximal behavior. 27, 28 Determining the extent of tracking is important both for predicting outcomes and considering causal factors associated with PA. Physical activity patterns could be explained by sustained effects of the environment, genetics, and/or a combination of factors. Only 1 other published study has used latent growth curve modeling to define classes of leisure time PA. 29 Four distinct PA classes were identified in a cohort of Canadians aged 18 to 60 based on 3 assessments of PA over a 20-year period. 29 Our findings are similar to this study to the extent that the inactive group was a dominant class. However, the presence of 2 classes showing changes in PA over time is in contrast to our findings. Even in our models with higher numbers of classes, we did not observe classes of strikingly different declines or increases. These differences could be due to the longer follow-up period, the wider age range, inclusion of men, or the small number of older participants in the Canadian sample. Interestingly, women classified as minimally active expend approximately the equivalent amount of total PA as recommended by current national guidelines (at least 150 minutes/wk of moderate-intensity aerobic PA ~7.5 MET hrs/wk) 1 and moderately active women expend as much energy to prevent weight gain (at least 420 minutes/wk of moderate-intensity aerobic PA ~21.5 MET hrs/wk). 30, 31 The stability of energy expenditure from recreational PA over time is also notable in relation to typical weight gain observed with aging adults who consume a usual diet. 30, 32 Baseline
PA Composition of Longitudinal Trajectories
Since the 3 longitudinal trajectories of recreational PA (minimally, moderately, or highly active) were mostly defined by levels of exercise participation at baseline, we conducted cross-sectional analyses to understand whether, within each of the 3 trajectories, we could distinguish different classes of women who preferentially chose to engage in one type of exercise versus another. Such differences in exercise choice may be associated with differences in disease and injury risk. For example, recent evidence suggests that having more breaks in sedentary time was associated with improved metabolic risk factors despite similar levels of total PA. 33 The majority of the moderately and highly active women engaged in a combination of moderate, walking, and vigorous recreational PA. A smaller percentage also engaged in a fair amount of mild PA (eg, slow dancing, bowling, or golfing). For older women, a balanced distribution of PA intensity may actually be beneficial in reducing risk of musculoskeletal injury. 34, 35 For the minimally active women, the class that emerged with a relatively high level of vigorous activity likely captures a small minority of women who have periodic spikes in their exercise behavior but whose longitudinal pattern reflect a consistently minimal level of total energy expenditure from recreational PA.
Predictors of PA Trajectory Membership
Sociodemographic characteristics previously associated with recreational PA in cross-sectional studies 36, 37 were similarly predictive of exercise behavior maintained over time. Consistent with previous studies, 29, 38, 39 low family income and less education were associated with lower levels of PA. Earlier studies have found PA to decrease with retirement from physically demanding jobs and to increase with retirement from sedentary jobs. 40 A surprising finding was the contrasting relationship between race/ethnicity and PA class membership. While older Hispanics had greater odds of being in a higher PA group compared with Caucasians, African-American women actually had lower odds of being in the active classes. The results of this study are in agreement with previous cross-sectional studies in that those who engage in other healthy behaviors are likely to be more physically active. 41, 42 Older adults attribute lower PA levels to the presence of greater numbers of chronic conditions 43, 44 and past injuries. 45, 46 We also found that increased chronic disease burden was predictive of PA trajectory. However, none of the HRQL dimensions or previous history of injury from falling were associated with PA. While multiple longitudinal studies of healthy adult and older adult community samples showed an association between depressive symptoms and PA levels, [47] [48] [49] we did not observe a consistent relationship across the age strata. Interestingly, higher depressed mood was associated with greater odds of being moderately or highly active in the younger cohort. It is possible that PA is seen as a useful strategy to manage depressed mood. 50 There are several limitations to this study. The generalizability of the findings is limited mainly to healthy, ambulatory and well-educated women; the extent to which the results can be generalized to men is not known. Recreational PA was measured using self-report which can be subject to recall and social-desirability bias. 51 Recent data suggests that predictors of self-reported PA differ from predictors of objectively quantified free-living PA. 52 A recent WHI study showed that certain characteristics may be associated with underreporting of energy intake compared with objective assessments. 53 Future studies of PA patterns will need to develop models to correct for measurement error associated with self-report or use objective measures. In addition, the cycling/fluctuating pattern associated with PA and other lifestyle behaviors may be discounted when behaviors are infrequently assessed. This paper was designed to examine baseline predictors of PA trajectories, thus we did not account for time varying covariates such as incident disease that could impact the PA trajectory. Although we applied a state-ofthe-art analytical technique to characterize trajectories of PA, there are some limitations including clearly identifying how many classes are sufficient and defining how individuals are assigned to their specific class. The fact that we were able to replicate these trajectories across the 3 age strata suggests that the classes are reasonably stable and sufficiently represent the data. Finally, we assumed that missing assessments were missing at random which may not fully hold.
Strengths of this study include the large number and racial diversity of the cohort, the prospective design and repeated detailed assessments of PA behavior which made modeling of growth trajectories possible, the relatively high rate of follow-up through year 7, the use of advanced statistical techniques to account for missingness, and the ability to examine numerous sociodemographic, behavioral, health status, and psychosocial variables. Many studies have characterized PA patterns using cross-sectional data and even fewer have examined changes in PA between 2 time points. To our knowledge, this is the first study to report the pattern of PA over almost a decade in a large sample of ethnically diverse women.
Conclusions
In conclusion, we have shown, in the largest multiethnic volunteer cohort of postmenopausal women to date, that self-reported PA is for the most part stable across nearly a decade of follow-up, that there are generally 3 distinct PA classes (highly, moderately, and minimally active), and that previously identified sociodemographic characteristics and lifestyle behaviors are similarly predictive of longitudinal PA class membership.
To illustrate the procedures for selecting the 3-class model, we present a detailed look at age group 1 (50-59) as an example. Table 3 shows the BIC fit measure for the 3-, 4-, 5-, and 6-class models; each entropy value; the smallest class size (% of sample); and the improvement in fit over the previous model. Clearly there was an improvement in fit with each additional 3 degrees of freedom used per additional class fit; in part this is due to the power of having 20,000+ cases in each age group. Judging fit based on entropy, the 3-class model had the highest value (.88) and entropy for the 5-class model was .83 with 2 diagonal elements having less than .85. In the 3-class model, no class size was less than 4.6% of the sample and in the 4-and 5-class models, each had an identified class with less than 2% of the sample; the 4-class model had a high PA group (baseline mean 60.8 MET hrs/wk) that included 1.7% of sample and 5-class model also had a high PA group that included 0.9% of the sample (baseline mean 67.7 MET hrs/wk). While strict statistical criteria suggests a more complex model like the 5+ class model was best, using entropy and smallest class size points to the 3-class model. Figure 3 shows the mean trajectory for each of the classes in the 3-class model using a random sample of 10 cases whose most probably membership is the given class. This serves to illustrate fluctuation about each class and the general classification procedure where individuals are assigned based on how well they fit the class and that the average trajectory represents a latent ideal type with variability about the specific trajectory. 
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